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I I  , S \ s I  c - H :  ; i c c I i l ’ O c V  i s  e e - i c e ~~j t ; i h i  I i t  - ‘i’li - c l i ’  c c l  : 0 , 1 1 ‘ a l t I 1 1

I I nc - e r ’  n’ c c r ’ s  0 V I l i e  - n e r t  h I  c i’ k a t i L l  I y ‘c - C c c l i  1 y I c c  I l i e ’ e -x t c U t  I hi ; >

l i t  n e - I c c o r k  o u a n  l v z c - r  IlI e L I S U  l’ e IC ’  f l t s cP t h e -  ~t l t h t i ’ ; i I  I o U c-i t ; i n d ; c m ’ c I - -

m d  t It > : 1 1  c l i n t  c c 1  C l i o c i c  t e > ’  m ’ p I c c - : i I  d d e ,

y e  - i -v i l f l p e  c m -  I a  l i t  f _ il > ‘ I >  > i ’  i l l  I l i e  - e e } c c  a I :tl c I I i I y c c  I l i t - I  w er E

a r i a  lv  / c  - 1 ’  t it c~L n S c i  IS ‘ i l l  fl 1 5 1 5 1 I I  - 5 > 1  1 1 fl~~ c f  I he - ‘ scc > o p  s t  a l e  r 1 1 I v - ,

c l i i F e >  I ~c f ( P c  - fit t w ctr k a tta I v / c - m ’  - I I I P ‘ Oct - c ’  p c-i I a u  ~ I I y

e e e l i t l ’ ’ l  i s  s c - I  I c  i i  p 0 5 1 1  o a r  c v h r c - hi i s  H e e  I l s i l  i v t - . l i i ’
n e t c v o t k  I i i t : i l y , a - e  e e c r l l c u t  s i l l  > c - , l c i h i t  t h i c - - c - c > l l I t h u  1 1 0 5  I S  i h c ~
I e c - c l i n e ’ n e -v c - - ; w c - e- l s : i c -ro sr-c I S > ’ h ; i r s i  - I c r  t i r e -  f l c  I - e u -k  c u L t  1 v - - i c v i i  I

l i e  I t  a e 1( 1 I l i t ’  c O l l I d e  - O t i l i c I l l  I I ’  c lii c c i t t ’  — cc - c  
~~

‘ t c c  I l i e  - f l c  ‘x I - Hi I c—i

i S  pt ’c c--n i n i a l c l v  i i i t c ’  t o  I h e ’  scr i I c - P i n g  c e f  j l l i i S e -  k ’ > -k  I !‘e I : i  c - I : - ’

ha  m in i  a I> - I c c  :i n o t  h e - r  o t  I h i >  I c  c c ; )  I e c s >  I 1 c i t e )  t ’ ( I i  I h e  t i c - I S >  - i ’k

; c f i ; i l v / - - i ’  i ! I t F i l l e ) u t  I c  > ‘ e c f l v c ’ r l e ’ e .  11 cc c - v - i ’ - l i c e  :e- : i ’ i i l ’ c I : , c i t s  h i : i v e ’  - c ’ i ’ f i

fin a le - n mis  i d e  - I l i e -  i n -  1 l I c t  rk  a l i : i  i \ / c  - m ’  c- - c >  t S t  s I c--c c c l i  I a - c  1 1 : 1 - - I hi ’ - s i S

I I I l ie - —i t t  c - c - - S I n h  i I i I v c c c i i  t C c c  I i c - i  c c  - i I c >  a i c e  cs I 1 m c c i i  -.c hi i c l i  i c-—
$ ( c c c , i n  s e - I ,  I I e ‘ , I l ie - t I c  - I ~i ‘ i k  L i l t ;  i i c - I ’ i i i L i V  I a  1 I c c I t t  c c  i hi u s e  -
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lock  ~lt ege ’ther  - An optiniuni c-; e ’t . t l ug  of the  sweep st a b i  i i  t v
-
~~ e-on t r o l  hac-~- L t t W  avc-c bt ’c ’n l ound t h a t  w i l l  avo id  b o t h  phase  loc ’k i ng

p r o bl e m s , but on I y over moderate ranges of f r e q u e n c y . The
o p t  imum s e t t i n g  depends  on t h e -  f r e - q u e n e - y ,  SO it is best to

o p e r a t e  o n l y  over  a I 6Hz f r e - q u e n c y  band at a t i m e

A second soui-ce of ’ u n rep e a t  a b i l i t y  i n  t h e  n e t w o r k
a n a l y z e r  is d r i f t .  This  d r i f t  is assumed to be due to t e m p e r a —
t i c  c c -’ c hanges  i n  the  ne twork  ana l~ ze- r , bec ause ’  t h e  p r o b l e m  l i - c
si g n i  f i c a n t  ly smaller after a f t - c ’ ,- hours  of  o p e ra t i o n  - A lso -

i t  was f o u n d  that measurements made using the S
11 functioui

on the ’ S — p a r a m e t e r  t es t  set d r i  f t  t he  same amount  as n r e a su r e m c - nt  cc
made using t h e  S22 f u n c t i o n . T h i s  fa c - t  s ugges t s  a p o s s i b l e

tnet  hod f o r  c o m p e n s a t i n g  fo r dr i f t

I f  i d d r t  2 is used fo r  m e a s u r i n g  the  cal  i b r o t ion s t an d a r ds

an d  ( l i t -  m o u n ted  d iode , ati d i f  a re f e - i - c - n e - c  dcv i c ’e , si n e - l i  as a
c o a xi a l  short , is c o n n e c t e d  to p o r t  1 , t h e n  by s w i  t c h i i n g  l e e - t w e ’ c- i r

the S 11 a nd s22 tec - i f i’ u n c t  i ons , t he  amount  of d r i  f t  p r e - s c - t i t  i n

tI~- - S22 do I a eon be d e ter m i n e d  - That  i~s , if a n i e - i r s  are-me-n t o f

th e ’sh or t  on p o r t  1 is  measured  once- cml  some- f r e qu e n c y ,  an d
( hen a t  a l a t e r  t i m e  the  measu remen t  i s  re l-p oat  ed , t h e n  al it -

d i  I Fe-rence hc - tc v e -c-n th -’ two m e a s u r e m e n t s  s h o u l d  be due’ I c ci t’ i I I
S-i ne-c ’ S 1 a n d S22 m e a su r e m e n t  s drift b y e q u a l  a m o u n t  s , t h e
d r i f t  w h i c h  ha s  o e ’cu r r c - d  i n  Sr ,2 m e a su n ’ e - n n - n t s  a c e - c  t h i s I n ine

m l  e - r ’ c a l  i s  a lso  kn own -

c~ Ii a t  t emp t cvos made to i n t ’ ( ) r p o r a t  0 i t i c t O f l i l l t i i  t l t i f t

c c c l ’  l’ e ‘ C I i au Into t h e  t i l e - asic r err te -’n I s s t e  -at - To tnea c- cur e - I lie

r e f e r— c - l i c e  sho r t  o f l e -e -  t a r  eve r  S ,~~, I l d e ’ ; i s t i I ’ r i tiet i t c v d c u  I d  i’ec l I i  I V e ’

t : i r  I cia n ia t iv  c--i ce 1 ( c - l i  i ng o j ’  r a t  i o n s  c a t  t he - m l  c r o W ; i c c  - SIt 1 l i l i e s ( I i

t h e  S— p a r ’ i i n i e - t e - r  l es t  s e - I  - I n - s t e - a d , ( l i e  P e t ( ’ r e - u l e t ’  s h i c ~~’t  Wa s

r r n ’a s i i r c ’d  011 1 V a t  the’ begi  n n i  r ig and  end o f  ( ‘ O c li S i t e - c - f >  l i i i’ > d i p 1 )

l I e  - I t e’quencv h t :u i c i  Bet  We ‘ c - t i  I h e ’ s c ’  I \ V e >  I i t C ’ i L S l i r e - t l t e ’ t i  I c-i e e l  t i n e

i’ e t i - r e - n e - c -  —r h e c ~ ’ t  , I h i t ’  t l i e ’ L i s r l l ’ t ’n t e u i t —~‘ s I  c - I l l  ‘e t t e l I l ( . I I1) e-~I s I i i ’ c -  I l i t
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APC— 7/OSM adaptor .
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This improved holder  model is cu c e n t ly  h e - i n g  e - c _ c t l u a t e d

in conjunction with the auto m ated s stem .

Ha rdware Expansion

A T.V. typewriter has  been assembled to s e r v e -  a s a l ’ o’n ’ c t e - -

e n t r y da t a  t e r m i n a l  fo r  t h e ’  u e u t o m n a t € ’ d  s y s t e m . P u r c h a s e d i n

k i t  fo rm , t he  u n i t  is s i m i la r  t o  t h a t  d e s c r i b e d i n  t h e

F e b r u a r v — A p r i l  1975 i s - st I e s of R a d i o  E l ect r o n i c s . T h e -  me ’ n c c d b ’ y

cuipability , however , has  l e t - t m  e - x l l d e h i d e d  t o  p r o c _ i d e -  t o t ’  t cc c l c d c F ( - s

o f  v ideo  da t a  , 16 l i n e - s  o I 32 e i i a r c e  e C t e r s  pe ’I’  p a g e -  - T h e  - d ice b c e ( ’  t c - i ’
ge n e r a t o r  t’d ) l I \’ € ’ I t S  11’ d c I C i  an A~~( ’ — I 1  l’ e ’ I l l ’ c - s t ’ h i t ’ ~i l  i i - f l  l e e  t h e -  c - - - ~ ’r e - c - t

do t  p d i t l e ’ l ’ f l  of  t h e e ’ c’ b i a r c o - t c ’ m ’  be i ng  d i s l d l d i y c ’ d , e - c e c ’ h i  char c ee ’t t - r

t’OflS St  i ng o f  d t f l  di I’ I c e  ‘
~ 

0 1 35 et c  i ts  ci i- l ’ a ng i  -d i n  ci ax~ cc ci t n - i  x

A s t a n d a r d  n i n e ’ — i I n c h  v i  d c - c c  mon i I e l I ’  i u s e d c tc- t l i t ’  c l i  s h u l  c i v  d e c _ i c e -,

To t lie- hece s i c c h a  n c i c t  e - r ge - n c - i ’ d I c  c m  h c e s  lie-c ‘hi c i e h c l c  - ii c i  I l i d i  110 c c  1 /
e’ofltput e-r— c ’ cc hl tr o l l e d  c u r s o r  I c u c c i r d  , g i c _ ’ i ng  t h e  t i s o ’ I ’  c o I I u l l l e ’ l

( ‘omi t t ’ e d  1 0 I f l i t  - c u IS— c d l ’ ~~O5 i [  j i e l l  e - i t  l i e - i ’  I h l d i i l U u I  1 l v  c c c  by so) I Icc’, c c  I ’ c -

(the’ l i e - N t  c h a r a c t e r  Is  e ’ f l t - - I c - eh at t h e ’  p r e s e n t  e’Un’Se )r l e e S I I j u d e -

Sd th a I I h i t ’  c i h i  l i t  y I cc  I c c  us i i o n  I l i e ’  c ’i l l ’5 ° l ’  i s  an i n p o n  I a n  I c u h l e  -

I )  r cc y e ’  I d i  I I h e ’  I e ‘i ’ d t l i h i di 1) . Fcc lin de i c c ’  t l i t -  t y p  - c c l ’  i i c r  l i i  I I y

F u n e ’ t  i c e n O  I cis a c - c C u i c i l I  c - c  I c - h I C l l n d i l , a t AR ’ ! ( t b l i v e - n ’ s u L l - \ s v b l - h r c ’ n o e i l s

R e -c ’ , ’ j -
- ‘ -  c—I ’ c cl l i - s I C :  I I c _ i ’ m ’  ) st _ - h .  I d l  1 C h I c - I  d i c e ’  b c c c i  cd h a s  I c c  - e  - I l  d i  d d e  ‘ci -

T h i s  u n i t  I m ’ c i n - -d! c c l t s  m d  h d ’~~’ e ’ i V e ’ b  c - - c e ’ m ’ i u i l d c c l c i , ¶ 1 cc ’  c h c e l c e  l o I ’ C ’ ~~ j

i c e ’ t b i g  d i d ,~ l i s t  c- el t e e  m d l  I.’ - bi I l i e ’  c - O m p U  I e - I ’  I l l  t c - I ’  I d i c  e - d - I C j~ b e  y e - i l  - H i ,  -

h c c u d  r c c l e -  h I d I S  i c e - e n  s e t  I I  110 , c- id~ t h a t  t h e ’  t c - m ’ m i i i n c i l e d i d O i d d i O S  c i t

t h e ’  s cU l l ’ ’ s l c e ’ , c i  d m 5  i l l  A 5 R — 3 1  [ c l e f  v i c e - , ‘ F h i c -  I t )  c ’e c h i h t c ’ , ’ I  l oh i s  S - c  

—,-- —- — - - - --- - - ------ ---- --- - -- —_ -- ---- - — - -------
~~~

-—--,— -‘ -‘,



t h e  UART board  are RS—232 c o m p a ti b l e ;  t hus , i n  o rder  t o  co n n e c t

th e ’  t c ’r m i n a l  d i r e c t l y  to th e - - t e l e t y p e  por t  of t h e  P 1) P — 1 1/ - l 0  D l i i

a-s\-hichronous line interface , an RS—232/20 mil current 1 0 ) 0 1 )  con-

verter was built. The latter employs optical isolator -s on both

the  send and i’ec ’ e-- i v e ?  l ines  to m i n i m i z e  common mode’ noise and

ground loop c u r r e n t s .  A l l  t he  e l e c t r o n i c s  are housed  t n  a R i k e i ’ —
Maxson ho te l  r e se rva t ion  t e r m i n a l  chass is , i n t h e  sp c c-e 0c c - u i )  I c - e l

p r e v i o u sly  b~ cc l i n e  p r i n t e r,

To more fully automatt- the measurement pn ’i c o’edui’e- , [lie c u d d l e

s w i t c h  p r o g r a m m i n g  c a p a b i l i t y  of t he  S — p a r a m e t e r  t es t  se - t  i s

em p l o y e d .  By a l t e r n a t e l y  o p e n i n g  and c l o s i n g  two c ’O l i t d e C t  c i t

he rece r of the HP 874613 , a l l  foux ’  m l  c u ’ c c w c e v c ’  SW I c h i c ’ s  c u l l ]  i c e ’

controlled. Two transistor -sc_ c_ itche s are utilized I cc I c c u c e  i d l e -

t h e  low impedance to ground  p a t h s , the ’ b a s e -  o f  e ’ u i e -l i d c - v  I c e ’  hc  - I

- ‘ con t r o l l e d  by a D/ A  chan nel of t h e  a na lo g i c  D /A  c’c u i \ e r t e - I . Iii

t h i s  m a n n e r , t e ” -u t set switching is  e f l e - c - t e - d  c o m p l e t e l y  I cy

softe,e’are , f u r t he r  r educ ing  t h e -  e l emen t c c f  hu m a n  e ’i ’) ’ d d l ’  i l l c c

cal ib r a t  ion run .

C o n c l us i o ns

T h e  c_-a lid it v of  t h e  e r ro r  min ode l emp 1 o e-d I ii t I n t  - a n t  t e c m n n u c  t e d
n e t c _ v o r k  a n a l y z e - i ’  sy s t e m  i c-i d i s c u sse d  i l l  t e ’i’ni s o F  t h e ’  i e h t y c -~ b u d

S c u i i r i - c ’ S  ot’ nt i smatch in the HP 87-16— B . An i m I t p r o c _ - e-d m o d e - I  I c i r  c i

i’ d i f l si s t o i ’  t o ’ s t  f i x t u r e  i s  g i v e n , e x p a n d i n g  t h e  F i x t  U I - c -  re ’ pr e ~ —

se ’ic ta t iOn Ice inc l ude the AP (’7/OSM adaptors , i i i  c i r c l e r  I c c  c i  i m i l i d i l e ’

o ne -  e x t  c c c  c a l  i b r a t  ion i n  t he -  m e a s n i m ’ e - I I i e ’n  I

To expand svste’m I/O e ’ apab  i l i t  te - s , c c i’ e ’ I l l c c  t - c - n t  i-v ‘1’

t e r m  i na  I l ea  s h e - c - n  added
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H. e ; l e l ’ n e ’ y , ~J t ’ f l r e -y  I - I c y ’

Durin g t h i s  l’ t ’ i c u c r t  i n g  per iod i i e ’ c _ e - l ’d i l  ( ,c d d . - \5  c ’ , c i t e ’ n ’ c-i w i t h

t- p i t c c x i a l  la y e rs v . e - c c -  p :’ccc ’ e’sst’d ihi t o c c ’ , c c r k i n ( ’; F 1 T  d c - c  l e e ’ s , u s in g

t h e ’  ;i ~im g a t e  b - PT p a t  t e - r n  d i _ s c u -’ c s e - d i i i  [ l i e ’  b d h n \ ’ l d c c l s  s m - n i l — c e n n i i c i l
cc p c I’ ¶ - DC c-ha l’ d t c ’ 1 c -1’ za t ion hues -c s l i i  ccc n I cc 1 n l v  gc c u d  d i g  i’ c - c  ‘I fle - l i t

cc it Ii the ’oi’et_ jc~t1 e ’ c u I  imut c- c - -c -

T h e ’  p I c c e ’ e ’s si n g  IO’uc c ’e’d il l h ’ c ’  de  i-c c ’ i ’ i b c c ’ e l  i n  e a r l  b e ’ ) ’  I - l O t S

c_ Ic c ge - l i e n - d c  I I v l o l l ’  w e d  - 
c_ c i t  ii c c - i ’  I c e  i t t  mod i t i c - d c  t ions I c c  ~I l  I’ d e v e -

y n c - l I  a n d  p c ’ r F c c r m n a n c ’ e ’ . The c _ v c c f c - r  i s  c _ h o n ’ c u u g h t l y  c l c ’ c e n i e - d  d i d

I he ’  fl e ’sdc  p a t t e r n  de l  i n i e - d  i n  A t — l O s O B  p h o t c I’ c ’s 1 st  , A h u p I ’ u i \ I u u c d t c - l \

I ~e In of  GaA s  is -‘t - l i e - d  d e c _ c a y  i n  8 : 1 : 1  hi ~~S0~ fl u b ,) : l 1 ,,0 , b e i n g

c ’ai’t ’ ful fl eet I c c  c e g t  t c o t c ’  c _ lie ’ i~i d ) l O I  h e d h i  ( d l u u i I i ~ Sc) c c c i i l s e ’ c - —  Scl l’ t u i u ’c-

I l ’ l ’ e ’g u l a i ’ i t  i c c - c ) .  ‘i li c ’ so,  n e - c ’  a nd  d r a i n  c ’ e c f l t a e t S  d l l ’ e d i l sec  del i f l o ’ d j

t n  AZ — 135013 r e - - s i - s t . T u e  cle- u cn t h e ’  c--- l I l ’ I d e e ’ e ’  p I ’ i i d l ’  i c e  e ’ v c i p c d h ’ d e t  i c ’ h l .

a I I - 
~
‘ so l y e - n i t c I c ’ d i h i  r ig t l ie ’  c _ c d t  l e e  i s i c c e  ke ‘c i  I u cr  5 m i t :  U t ’s i n  I -

111’ 1 : m et h a n e  I t c )  i’ e ’ I I I O V e ’ a ny  o x i d e ’  - d O C ~ l ~ 1 asitl cn (hi s e ’ l i d l  ge - c ’ he - all I

i s  p e ’ r t o I ’ r c c - e l  l i c e  2-- I f l t i h i u t e - s  c i t  d i i c u d u t  l x l O  ~~1’ I tS- ’ 5t i t ’ e c c l  d e l ’ g o n i ,

T h e ’  Iol1occ ~ ing nte ’t als i t - c -  e ’ v d l l c d c c ’ d e t c - c l d 50~ N i , 7 0 ( l -\  - \ u h e -  
~~~ 

::~
an d :10 IA N i  - \~~c - h a v e -  f c  u c i h l c l  I t  t o  h e ’  v -  - i ’ y  i mp o r t  c m i i  I I h a t  t l ie ’

p 1 ’  ‘ f u e  - c ’ conip en s  I I i c c  ii 0 )  f -‘c on c e n d  (0’ h ue ’  Ole- l ie ‘s i I c  - e h om i t h i ’  - c _ ca  I c ’  m ’ - S i i i  u ’

the ’ I c _ V u  r h i a t e r t a l s  h l d l v c ’  c l i i  t e ’ l ’ t ’ f l t  \ d e p c d l  p l ” ’ S s l h i ’ e ’ s , t h e y i ’ V d i p O c l ’ c u ’ c ’

a l  c i i i  f e - I c - I l l c c i t t ’ s , Ti e i b c s d l t ” ’ I ! l d m t t h e ’  d e - s j t ’ c ’ u h l’c b l c >  i s

c I e ’ p e c c - - c i t e ’~ l I h -  s c e n l r c ’e ’ rna t e ’rico l s h i c c u l i l  b e ’  e - v c c~~c u ’ r c e i c - c . h  - -‘ rc ~ l c te  lv

awu iv , Pn ’ c - c _ e - n i  ing p i n t i c c l ’ - s  I h n  the ’ 1 1 1 1 11 I i  lii l c \  k d - e ’ p i h n g  t l t c

s u h,st  r’c n l ’ -  sl hl ’ l d m c ’ e ’ ( h i t s t — f i ’ ee’ i i i  c e l i - m i  nec e ss a r y  A l  I c - v  i n g  l i-c

p e - ! ’ t c d h ’ t l l e ’d ‘n c i  s l n ’ ft b i c ’ c m t c ’ r  i n  II , ,  c I l I I l u i c-~ l b l e - I ’ c -  l u ~ h ’ d l l s i h i i  c _ h i ’ ’

$ 1 e -~~l p c ’ I ’ di t i i  m ” ’  f e c i ’  a l e c - u  I ~5 s e e d  n il - s , c c c i  c l i  h g  i t a 1 - 1 SO~ - 
I ’  ‘ n ’

20 sc  c c  d e c 1 5  , c c i l d  I in : I I V I - a l e  ~~l l  v 1 - ‘cc c n ’ I n g  t l i e ’  I c - cc ‘ - 1 ’  c m t i l l ’ , ’ -

l [ i d h e ’ T ’  I b i m ’ ~~e ’ ( ‘ O n( h i t i c i f l i ~ ccii i ~‘ c—~1 ‘ h i  I Dcc I I i in . ll j )  i s  t iIc’ -- e - l \  - - c i  u cttd

*l~ b c t e C t  ~d l i 1 d e ’ m ’ ’  i c - c e e r

110

- - —-~~~~~~~~ - -- ~~~~— -~~~~~~~-- - -—-  -- - -  ---~~~—- - —— -——-—



t he  c ’ e c i ’t t  d c ’ t i’e’i -  1st d t h i t ’e is re co sona b Ic -

Since ’ the i c e - s t  r epor t  , c-ha i e g c  -s h id c ye bc-en made ’  in  t h e  c _ c _ c o y

the gu l l C’ I l i e t c c l is depecsite d . Pure A l  in the n al ’ t’ o c_c- g a te ’  S t  c o d e -

wa s  c c  Ft t O)  F ou n d  t e e  f i u l v e ’  pee’ i t - e l : e c c _  c l v  I roni t lie ( i d l A s  desp i t  e -  c c i  n’ e -  f u  I

s o l ve n t  c i e - c e i c i n g .  One ’  s t e p  d l e t d i ’ e ’c l  c_ c u t s  t h e ’  h e a t  C l i p u i  I l i e

s u b- s t  0- ci t e’ t e d  abou t 100 °C I f l  t i l e ’  e ’\ c i p o i ’ d e t o l ’  . A lt h o u gh t h e ’  l e e - a t  i l t g

C I e ’ d ( i i.s t h e ’  S c _ i l’  Ice c c ’  1 c e  - I t e r  , I t c c l  sd)  s m u S e - -s I 1cc -s I i c ’ I I ( ic _ c o f l ie ’

A Z — I  350J p h o t o  r e -c - -c 1st - so t h a t  s l i c e  n’p edges h e - u i  mc ’ cc u n c l e  -d - niak i ng
¶ he-  h u e  - 1 c m  1 I i  f t o f  I m uch  Inc ‘t’ e- d i i  F i c ’ u i I  - P 1 c i s i t i d i  di c—c e - b a r g e -  c 1 c - a n  i ng  -

n e - N t  u - s c - c l , d e f i n i t e ly  imp o ’ oved [lie A l  a d h e s i o n , b u t  a t  t h e  c - \ —

} c c -’ f l s c ’  e e l  v e ry  h i gh i’ e ’ c _ c - i ’ - s e ’  Se ’ ii icttk le’ akcegc ’ cu c r c ’n t  . Removi up

I l i e -  A l , e t c h i n g  a c _ I ce  0 , 0 III o F  Gce1s . and  r e - p l a c i n g  t h e ’  A l  g u i l e -

‘ c _ i  t h c e u t  c e — l u g  d i s c h a rg e ’  c - h e ’ c o r i i n g  gt ’ e- ’ c e t l v  n ’ e ’ d u e ’ c - c l  t h e  l c ’ a k c e g c -

le ss t h a n  1 A ) .  The’ f i n a l  c h a n g e-  c _ cu -es t h e  a d d i  t l O f l  ol ’ ci t h i n

( c m b o u t  l00 . \ ) I d i y c - r  of  On’  b e - n e - c e t h  the A l  . The C t ’  S i  gni F i  cc i i i  t i  y

l h l ip i ’ u d \ c ’d cidhe sion and  c h a n g e d  t ile ’ S c b i uet tkv c I n c m r c c c ’ t e - r i . s t  I c  \‘ t - i ’ V

I i t  t 1 e -  - lv p i c-u i 1 I’ c ’ v e -r s e  t - u r r c ’n  t cc— cl -s be I e e c _ c  1 pA - R e - v t  - r e ’  Ii cc

d c  cc _ c )) v u ’  i t  age c_ I ces l c u c _ v c ’ r  t h a n  t h a t  p n ’ e ’di e ’t  ed by  d u n e —s t d e -’eI a b i ’ i l 1u t

f i f e ’ I I c c ii a v c e  h u e  n e ch c ’  t h e - i c  n’y , ge -nt- c u e 11 v by cc Id le I c e  i ’ c c  I 1 
/ 3 — 1 /2 -

Sonic’ e e F  t h i s  re-~du c t  ion i s  c e - i  i e ’v c ’e l  e ’ d i u e ’ d i  li v h i g h  f i e l d - s

d l n ’ u e c _ I I i u l  I li e ’ ( ‘ige-  oF I lie mc ’t  a l  . S c e n i c ’  i’ e ’ ,s t ’c o t ’ c h i e r s  hldi \- e ’ o’ - t d u d i ’ t m- ’d

l l f l i I d V t ’ f l i t ’ f l t  i n  t h e ’  S e ’ h i c c t t k  c b n a r d l c t c ’ r i s t  u’s Icy ci tiuc -c i l l u g  I h e -

1 h c e c l t ’  d m 1  h i g h  t d ’ I t i h u e ’ r c l t nrc , t y p i c a l  l v  - 1 0 0 — 4 5 0 °C , t o o ’  c c I c - c _ c

f f l h h i i t l t ’ S , I IS t r i e d  t h i s  s t e p  u n  l W u c c v u m f e - r s , h u t  s c m w  no

( f i ji I ’ d d y e - t n t - n t  : be c_ ’ e ‘ c c kc lu ccvi) v o l  t d i ~~’:c - c _ cu t s Ce ‘due - c ‘c i  , c m n e l  ‘ c - y e - I ’ S  - ~‘ c i n’ n ’ e - n  I

c c c c  c--c l I p h I 1 v I ci n - g e - c, Poss i P I v c-i u m e -  c d  li e - i ’ c - I  I c  c I ‘ c m l  t h e -  O lI h I t  C e ’

c ’ , c u t  mi t - s eas m cts kin g t h e  d i u c i l e ’  n’ e ’ c - - u l l s  , h i c c c _ c e ’ v e ’ r .

.11 c - ~
‘ 

~ 
I’ d c c ’ e’Ss i ng co I c - c _ v  0 I t b i t’ c _ V d l  F e  - l’ s - c c  fu c i i  n’ t h i I l nc ls lc  cc c i  s

c c~ Ide’ cl t i c  t h e ’  sc - I see c i  ,- \u d i v c ’ r l d m v c ’ I ’ , y j s i b l e - I f l  l I i O J l ’ c -  I - e - e e i i l d

be ’  c l e ’ ~ ccc c- ~ i - ii ce y c ’ i ’ t b -  cchi ~i I c ’ c ’e eii l d t c ’ t s  - ‘ l ’h i i s  1 c e ~ ’ , - r  5,10 ’ eel s I

e’urt ’e-Ii I e ’ v c -l i IV ac i’ u c s s  I h e -  F e c m d  a h l d  1’ -cc c  - i ’s  I lie - h ’ e S  i c - c l i v  t .

t I SI  t O  I l i t ’  ‘t i e  I I c _ I c e d c - c m . , i e  - I’ I c c  m c l i  I e v e  - n’ e - c e s c e n c m h e  I e ’ c d U t ’ c e ’  
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resistances ; for example , two comparison FET ’s had their total

source-drain resis tance lowered f rom about 25 down to 17 ohm s ,

a 32% reduction , FETs without the gold sometimes burned out

under probe test because high current was confined to a small

area of the pad. With the overlayer , th is form of burnout ha-s

been el im inated , and higher drain currents can be passed ,

Comparison of the measured transconductance with that
- 2

predicted by the theory of Hower and Bech tel was made , The

corre la t ion of the observed values  w ith  the est ima ted one s as
co rrected for  source re sis tance was fa ir ly  good ( gene ral l y
wi t h in  20%), but because of high source resistance the early
FETs d id no t approach the in t r ins ic ~~ sat value s clo sely. With

improved processing of the ohmic contact material and the u s e ’

of the gold overlay, the best FETs on the last two wafe’rs have ’

performed much ) be tter (about (30% of max imum 
~m sat 

c c _ c -  c-o hlkpare’d

t o  less than l0’~). Typical values obtained for 
~~ sat 

c_c c ’cc’

15—20 mS , with source resistance below 15 ohms .

Illum ination of the FET with a microscope lamp made - a

substantial change in the characteristic , The extra cc e rrie-n’ -s

pc-tic-ra ted by the light lowered the channel resistance , t h u s

permitting the drain current t c )  rise to c - atu r ation more’ sharpl y,

Figures 2 and 3 show the I -V characteristics for the scena ’ FET

with and c_ vitho ut light .

Sc’v e-ral of the FETs behaved a— c though sur f a c e -  or c-p i--su hc-

stratc - interface traps were af Fec’ t i n g  t he i r  h e h a v i  1) 1’ . A numl ilce’l’

of device ’s exhibited L~rge loops at hi gh va l tie’s e ) f  V 0 a n d  V~~ ,

along with a rise ’ in 
~~~~ 

as illustrated in Fi gure’ -1 . ‘l ice ’

p h e n o m e n o n  is b el i e v e d  cue r n - s ed  Dv t he  r e l e - c i se -  of e ’I  ec t rolls I i ’ con i

r a p -s u c t  t he  c ’ p i l u m y e r _ s i i l c s t r a l c ’  I f l t e ’ t ’ f c i u t ’ . A fe c_ c I- ’I ’ ’l’ d i c -~ji l c c y c ’ c 1

no ise ’  d e n ’  o c - c ’ ii lat I on cit high V~1 and 
l e c c _ v  V~. , cot-i  c - - i h i c  c cci) i n F t  g u n ’ e ’  5 .

T h e ’  c - t I e e ’ t  , n o t  u n d e r s t u e c c d  c o m p l e t e - i , m ccv arise- I rem t h e  h u l k

71
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2, I-V c’haca c t c - c i s t i c , c _ v i t h  I i ght oI l , ( L [)u~~3 5 c c 2
2 )  2V , 2 c t c A / d i v  —0 , 1  V / p a t -  s t e - p .
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HIGH FREQUENCY SPLIT GATE FET
STRUCTURE
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t i c- ’ ~ t t i V e -  . ‘o n d u c t i c _ ’ it y  in the channel cit hi gh fi eld values .

Toward the c-nd of t h e  r e - p o r t i n g  p er i o d  u c fe-c c I -iT p at 1 ‘ c l i

c _ va -s de s igned , as  shoc_ c- n i n  F i g u r e ’  6 .  S i n c .:e t h e ’  m u i c - c k — r n e a k i n p

t c e c i l i t i e s  h e - t i  could not n’ c - 1 i ci b u l ~ ’ I’ c ’s ol\ e  such sina I 1

d i m e n s i o n s, a comle ,t-n’ c ’ i ce ! I i r m n i  m u c  c _ I c ’  i ce  I i l i e , t c d t t l d i c - k ’ s  fx’o n i  OU C

Rub y I i th  a r t i e c  u r k  . The i n u i s k  sot  h ues  b a - c  ‘11 r e - c m.. - i ved and cci 1 1 P c

t e s t ed d u r i n g  c _ l i e -  n e - N t  it -pert i~i p 1 ntc-rva 1 -

R e f e r e n c e - s

1. 0. Wada , S. Y a n a g i s a w a , and  I I .  T a k a na sh i , “The ’  E F f t c  I o f
Heat  T r e a t m e n t  on Al—G aAs Sehc ct t k y  B a r i ’ i e - r c - c  , 

- -  J a p d m n  ‘I -

A p p l .  P hv s ,  , 12 , 1973 . p .  1SI- 1 , — 
- —

2 . P. L. Hocce-r cc _ r i d N G - 3ec ’hi t c : .’l ‘ ‘ (‘ar IO.’ni t Su e  I ii i ’ ui I I Ofl di t i l l
Sm u e l l — S i g n a l  Ch a rc c_ c - t  e r i c - u t i  cs of  GaA s  F i e  i d — i ~ t I c - c ’ I
‘l i’ c i i i s i st oi ’ s , ‘,  I EE E ’l’ r a m i s . E1’’c- - l I e - v .  , l- .1 l—2~c 
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I n v e s t  i p a t  ion of l o r e — I m p l a n t e d  SI l  i c c - o n  He ’ u c c h  l ’ t i ’ .-\ ’~~
D i d . u de s  *
A d i t y c e , K .  G u p t a ,  G .  C .  1, I man , C. A .  L e e ’

T h i s  s t u d y  was  i n i t i at e - c l  to i nv e - t i p a t e ’ t h e ’  dc am i d  i’i

c h c e r u m c t e ’ r i s t i c s  o f  p — t y p e , S i l i c - c .un  Read l \ I 1 u A T T  d t c e c i e - c - - c , W e -

p cudp oSe t i c u. ’Orti !c ce l’c’ and ec_’a .lcc c ete t h y ’  p c - r i  o r man c a -  o f  u l  t odes

c _ c i t h  c i i f f e - r ’ c - n t  d o p i n g  p r e u f i  li’s. This should h e lp  us l i e  c ir r i i ’ i iig

c i t  an o pt  im u ni  d o p i n g  p r o f i l e  i c u r  s u c h  d i o u l e ’ s , Silicon ‘~c cis

c - i i u e en as t h e  sem l i - o n d u e t c i c  h t ’ u ’c t u se  h ip h  c i u a l l t v  c _ c _ - a t e - cs  c c c i -

i’ e - u e c c l i l y  a v a l  l u c _ h i c ’  u c u d  t h e  f , i b r i c - u i t ioni t e c h n o l o gy  i re -Ic e t i v e ’ l y

c _ c c - - i l  e s t c c _ t c t i c - c h c ’ d ,  I on  i m p l a n t a t i o n  c _ c — i l l  h e- u s c - e l  I c c  h o p e ’  t l i e ’

s e m i c o n d u c t o r  i nst e a d  of c o n v e n t  l on a l  d l  f f u s i o n  I c e ’  t l u  ‘ c i —  I c e - , c c  d i s c -

arbitrar y doping pn a e i i ica- ~ are c ’u e s i l v  o b t a i n a b l e  b y  u t - i i i g  m u l t i -

p l e?  im p l a n ta t i o ns  - In c e c i d i  I 1c~~ fl - i t  i s  p o s s i b l e  t e d  -~ e~- t  h y p e - i ’ —

a b r u p t  u n i  f o r m  j u n c t i o n - s  in  t h i n  c - -pi I c e  v e - r s  - Thus , i i i  phe  I’

i r e - q c i e ’ n e . ’v , b ie r ic - -n’ i he rnial conducl I c d l i  , coe :el e- r opc-ru c_ t 1 c m  c ine l  h i g h e r

ou t  I c c _ i t I c c u c _ c _ , ’ t ’ - s  e ’ ctn bee - c i e ’ b i l c - \ e - eh -

\( t ’  h u c _ y c ’  so t’ u m i’ l i l a c s -  t h  I t - c ’  or  ac - I  t e e ’  r u n s on c c c i i  e r - s  w h i c h
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BROADBAND GaAs FET AMPLIFIER STUDY
Wendell C. Petersen , Walter 11 . Ku *

In troduct ion
Analytical and computer—aided design techni ques for-

broadband GaAs FET amplifiers are presented . Based d i f l  distri-

buted models of the FET , optimum gain-bandwidth l imitations

have been derived . These results- - ’ ~ire similar to t h o s e  P U b l i s h —

ed previously which are based on lumped equivalent c i r c u i t

n iode l s  of thy- transistor 1. The~ distributed c- - a - s e -  c_c_-as uniso

-st u d i e d  by Tucke r  and he had  d e r i v e- d  s u i l l i t -  c c x p l l c i t  r’ e ’ su l t s  f u c i ’

a class of d i f i ’ c - - r e n t  ideal  g a i n  f u n e - t i o t i -s~~. The ’  c i t e - c t  o f

a l t  c - r i n g  t he  c o m m e n s u r a t e. ’ I m e  I e ’n g t h  of I l ie m o d el s  h a s  a l s o

been s t u d i e d .

A closed f o r m  e x p r e s s i o n  i s  c i t - l i v e d  f o r  l u m p e d  t u i p t ’r e ’ d

ga i n  m a t c h i n g  n e t c _ v e c r ’ k s  w i t h  c c c c , \ i t t c c c l l y  f l a t  e - r r u u r  an d  an

al g o r i t h m  is p r e s e n t e d  which can l i e  a c - - c m - cl t o  u u h t  ccl n i c c  ‘th I umpc ‘ccl

and  d i s t r i b u t e d  t a p e r e d  pa i n  m a t c h  i i eg ne - tc _ c_i. crk c - c _ c _ i  t i c  an e x a ct

e q u i r i p ple cr 1- m c i ’ . I n  l : cc u t l i  cat -a ’s , t h e  ma t n ’ h i  l ip  n e - t w i c r k s  c u i n

have  an  a r b i  t r u e  cv n u m b e r of t r c c n s m i s s i om i  z e r c c c - c  u m t  0 and  -‘
~~~~,

proi-  i ded t h a t  t h e  c ci ’der  of t h e ’  mci t c h  I ng ne . - I cc_ c m r k  i s c - y e - r i .

Thc’se matching networks art cc d i s t i n c t  i m p r e m v c ’ l i c c ’ h i t  u c ’ e - r  t l i e c c — c’
- ‘ - 3 1 -1pn ’t ’viously deri~ ’e ’cl  by P i t z al i s  , Ku and  Pe t e - r i - c e rn , M e - I  l ’ut -

a nd  ‘l’ u e k e - m ’ . An ex t e n s i ve  ~~~‘t of t a b l e - n  o f c -x p l l v i  t c ’ l e h i i e - t i t.

v a l ue s  l o t -  l u m p e d  and  d i s t r i bu ted  ma I c i t i n g  t i c  - c_ c _ c _ c u r k  w i t  ii

e e c - F cc _ c _- c -  a n d  3 :1 ba n d w i d t h s  ha ve b c e - c - n  d c - - r i v t ’ d . Th e -c - - c e ’  i- c -s c_ i l c _ s

h a ve  b c - - e n  a p p l i e d l u ’  t l~ d c c s i ’p i e  o l  l p — p c c t e  G c i A c - -  I- i- i ’ ucmp l I f i e - I ’ s .

• Bre  cu i dbu l  nd T r a n s  i t-c F o r  Amp 1 I I i c--c r i-c

The b a s i c  ,-‘uing l e c — s I  i c - s e -  h n ’ c c s d b c u m i i d  t r c m n c — ’ i - - I c u C  c o ini pl i I i c - n ’

c - c cl i  I i g U r u i  I i e c u  i he cc _ c _ ti i n  I - i  p u r e  - 1 . ‘I ’he- i t ip U  I cm i i d c c , !  I c c l

ma t c ’ h i n g  f l O I . c _ v u m l ’ k :- c ci n ’ c ’  u i i - e — c c _ i n c c , c l  l u ,  b c e ’  I e c c - - s l e - c - - c c-c I c u t  c d i i i  be

t - i t  h e ’  C lu t i t p c ’d  c c c  d .i 51 1’ 1 be n t e d  - I i i  I l i e  - I a I t e c h ’  c c e s c - , 1 l i e  - I r u e  m i -c —

n ’ i is s lo f l  l i n e -  c ’ I c ’ t t ~c - t t I t - i  m r - - des -u  s t i n t - c l  F e )  I c e ’  ( ‘ e e r n l t l c e - h t t c u l ’ u c l e ’  d i l l  h u e 1 !  

— ,—- - — —- - , — — - — - . — ‘ — — - —.-- ‘ -  -.--—— - - —  . ~~~~~~~~~~~~~~~~~~~~~~~



c --~ -~ .-- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
~~~~

--
~~~~~

— -
~~~~~~~~~~~

-- - - -

-J

—I C
ce~

-~-1

I—
o
Li

-~~~Q c ~~~W

0.

-J E
I U) ~

I.e
0

a
- ‘-4
a
0

i cr:
z o  r—~

~:z I-. (“ I
cc ~~~ CJ) L a

m e I’— -;; ce~
‘0
S
0
i-c

(9~~~ 

~~~

D
10 —

Q _ o ~~~ ~~ -~~~

~~~~~ c/i

-~~~
____________________________ c/cI,

a’

70

--  —~~~~~~~- - ~~- -- =~~~ ‘ — -  ——  
--~~~~~ - —- - -  ~~~~~~~~~~~



_ 
~~~~~~~~

- - ‘--
~~~~~~~~~

-
~~~~~~~~~~~~~~ :~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

the line length of the input and output matching networks

ne c - -P n o t  be e q u a l.

I t  is  assumed i n i t i a l ly  t h a t  the transi -st cun ’ is uni-

lateral , 
~i2 

= 0. Th i s  a s s u m p t i o n  can be t a k e - n  c a r e  of s u b —

sequentl y either by the final optimization and/or re ’nccmdelin g-

of t he  e q u i va l e n t  c i r c u i t  model to t a k e ’  i n t o  a c c u - u i m t  t h ~ - non-
zero 12

The m a x i m u m  a v a i l a b le ,  g a i n  ( M A G ) c u t  a t y p i c a l  h i g h — f r - c - c - 1 —

u e n c v  t r a n i c - c i s t o r  is shown in  F i g u r e  2 . T h i s  is d e f i n e - U  t o  h c - ’

the:  g a i n  o b t a i n e d  f r o m  t h e  t r a n s i - s t u c t ’  w h e n  b o t h  t h c - -  input amid

o u t p u t  a re  s i m u l t a n e o u s ly c o n j u g a t e  m a t c he d  and  i s  U f l e i c ’ f I I i e - c l

c c _ h e n  t h e  t i’c c n si s t o r  is not absolutely st al cic ’ (from , 1, m . ) 
b u

i n  F i g ur e  2). In  a t y p i c a l  high—freque nc y ti ’cc n ,— i stor a c u p i i—

t i e r ’ , t h e  t r a n s i s t o r  c _ c - i l l  be o p e c i ’ a t i n g  ove r some pr ’ e - s c r  l b - e l

f r c - q c - m e c n c ’ band i I i  cl i i  w to ‘-‘-
~~~ 

cc _ s sP e c _ c _ n i n  F i g u r e  2 a n d  t l i e ’

i n t r i n s i c  g a i n  c_ c - i l l  r o l l — u f f  a t  a s l o p e  of c e i i i c n ’ u c x i m a t c ’ l y

6 d B/ o c tav e . The a c t u a l  g a i n  s lope c d c n  b e ’  bc ’ t c c _ c - e - n  3 dB/u . ce ’l ay e-

c c i d  8 d B/ o c t a v e  d e p e n d i n g  on t he  s p e c i f i c  d e v i c e ’ . ‘l’c c  ccF t c c i n

an amp i j fj t ’ i ’  cc’ith a flat ove r—all gun n r’e -c - c pu . n c-c e - , e ’ i  ther t h e ’

input c i r  the - c u t p u t  m a t c h i n g  n e - t c c _ i c r k  nc u c - c l h a v e ’  a c - - r n p t - n - s a t  I n c

g a i n  t aper  as shown in Fipu n’ e .’ 3. II i c-c also possibl e ’ and

e m m c ’ t  lm e .s nee cessa ry  to d i s t r i b u t e -  t h e ’  g a i n  t c q ’ c ’ r ’  b c - ’ t ’,c _ c - e ’ n  t h e ’

input cc_nd the output matching netcvc r1~s.

Op t i m u m  Distributed Gain—Bandwidth 1~irn itatio nr

Tht ~ i d e - c e  I t a p e r e d  m a g n i  t u d c .- g ut  i n  f u n c t  ion  i s  g i v e - n i  i d y

a < w <

(i
I ( L

~
) = ( 1 )

0 ; c ’ 1 ,—, c ’ c _ c _ h i c - t ’ e -

whe re-
S 
_ _ _= 

T~
”%og 2 ‘ 

( 2 )

S = gain . S l m d J ) c - d  i n  d l )/ oe ’ t u i v e -

8( 1

IL - - -  
, j ~
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1 n i i  u - c -  2 . Tvi’ i c - u i  1 ~- i u c  x i  rn c_i m Ava 1 1 u m b  I e Gui  i n c_ e rc- uS I r c ’ q U e ’ i i c ’v c c

a i i i  p h — I -  i c - c - I  c _ n e -  flu Y ‘I’ r a n  ~ I c-I 1 ( 1 ’  -

G
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(w)

(dB)
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= low end of the des ired passban d ,

= hi gh end of the  des i red passband ,
and

K = gain at

App l y i n g  R i c h a r d s ’ t r a n s f o r m c m t i o n 6

= tan ~ T , (3)

whe -- r e ’  T is the  d e l a y  l e n g t h  o -f t h e  commensu ra t e  trc en smisc , s i c l i

l i t m e - s , so t h e -  i d ea l  t a p e r  of ( 1 )  y i e l d s

K 

~, 
Tt an~~~~, 

~ cl 
~(‘1 ~, ) -

G 1
( Q )  = “ , ( - 1 )

0 c :lsc -c_ vh tc i ’e

where-
= t a n  

- 
T, (5)

and

l , de f l  h T . (6)

The i d e - a l  gc c - i n — b u c _ n d w i d t h  l i m i t a t i o n s  f u u n ’  dist i’ibut ed

c - - I  c - m e n t  mat ching ne-twe e rks can now be obtained for’ the Ide- al

t c c j c e r ’ c d  g c c i n  f u n c t  l c c f l  (-1 ) by t h e ’  applic ation of ’ Bode ’s I nte -gr um l

r e r s t r i e ’ t i e e n s 7
~ T h e -  distributed l e c c d c on - s tr c c i n ts  t e d  P t ’  c d ’ t i —

s i de -r e d  u c _ n ’ c ’  shown in  F i g u r e  -1 . T u c k e r 2 hum s d e - r ’ i v n - d t h e -  g u c l i i—

h i a n d w i d  t h  I i mi  t.a t i c - i n f o r  t h e ’  i i  dc _ c — r e c e s s  c ’u cc -c e s lim cc _ c _ ri i n  F i g u r e ’

4 ( a )  (or  i t s  dc _ cal i n  F i g u r e -  4(b)) c _ c _ i  t h  a d i  f f e - r ~’n t  i d e - a l
gum i n  f u n c t i c c n , co n s i s t i n g  of t i l e ’  I d e - u m i  t a p e r p l c - - c e - l i t e ’ ~ i n  ( - I )

w ith Ii. c c e - t  c - u ; u c n l I_ c c  / e ’r o  f e - n ’  P < a n d  i t s  l’ e t I e ’ c - ’ t  l i e n

an ’ c ’u n d  12
1 

f o~ c~ - -
~~~~

• Tc nm ke’r ‘ 5 ~ . b c ’ u i l g u l l  ii t c _ i f l c ’ l h u n  c - I c c ’ ’ , n e t

u c e ’ i n c t l f l t  f o r c h c c n g c c s  i n  ba n d w i d t h , c _ c h i c - h i  a r c ’  i mpc c m ’ t u m n t  l e e r  I m c c _ c _

v alnn c ns of’ g a i n  l c c p c c  S cc_ nd is tot e je - s s i m i c -~ r I c ’ t o m -  mum t e - h t i ng

n e ’ I , wc rk c- ;  w i t h  cm sh a r j u  r o l l — c u f f  c n h c c , v c -  . ,

~~~~~
. A l  I I i e u i i p h  i t  should

f lee t be ’ c e c n c - c i d e m ’ e , c I  an i d e - c d  ‘ l i m i t  , Tu c -’ k e i - ’ su g u m  i n  i u m ’ I I o n  is

c u : - - u e ’ t ~~~b i n  c- s t i mucting g u m in — lc u ci id w idth re ’s-c l m’i c ’ I  i c - I n s  ‘ c -~~’~ i m 1 l ~ ’
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if m a t c h i n g  ne tworks  w i t h  s y m m e t r i c  ga in  fu n c t i o n s  ar e

employed .

The ga i n — b a n d w i d t h  l i m i t a t i o n  im posed b y the  low— pass
distributed load shown in Fi gure 4 ( a )  and 4(b) is given in

terms of the  Bode ’ s inte gral restriction 7 in the A — p lane  as

f
~~~n 

[ M
’
~~~~~~

] 

dg < , ( 7 )

whe re
z

T ~2. for  the  ser ies induct ive stub of ~ igure  4a , ( 8)

and

RY
c-~ 

for  the shun t capac it ive s tub of Figure 4b.(9)

Since the  ma tch ing ne twork is assumed to be lossless and
rec iprocal ,

= 1 — s~1(icl ) I 2 
= 1 — G 1 (ci ) . (10)

Sub stitution of (10) and the ideal tapered gain function (-i )

i n to  (7)  y i e lds

h

2.n 
1 dP = ~~ ‘~~

- , (11)

1 - ~~~
— [tan~~ 11j

a 
T

W h

w h e r e  the de lay  l e n g t h  T has  be- c - r i  n o r m a l i z e d  to u n i t y .

The equal sign was selected in (11) in order to olctain the-

largest possible value for -t . This impi It’s that all /,e ’i ’ e e

of  t he  r e f l e c t i o n  ‘ c , c c f  I I c - ’ i c - - m i t A ) a re  i n  t h e ’  i t - f t  —hut i F

A — p lane. Fan o8 h~i-s calculated the’ c - f  I ’ c ’ e - t  5 o h  p l a n -  in g  c ’e - i ’ u ’ s

u - f  -s
~~2 in  the l e f t  ha l f  - \ — p l a n c u  as

- - 
—

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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T , ( 12)
1 + -t z~

where  T is the time constant in ( l l) ,T is the new t i m e ’  c ’ - n —

stant and z. are the zeros of 
~2 ~~ 

the right—half A—plan e ’.

For the high—pass distributed loads of Figure 4(c) and

4 ( d ) , the gain—bandwidth limitation is g i ve n  i n  t e rms  of t h e -

i n t e g r a l  r e s t r i c t i o n  as

f ~~ 

[2 ~~jP)~~] 

d. 
_ 

2 ’ T  (13)

c_ c_ h

= RY~ fc .c r ’ the series e ’ a p u e c ’i t i c _ ’ e ’  s t u b  of F i g u r e ’ ‘ 1 ( c ) ,

a n d

-t = for the shunt inductiv e - -stub of Figure -1(d).

S ub s t i t u t  ic - e l i of (10) and the ideal tapere d guc _ in fare - - t i o n

(- -1)  i n t c u  ( 1 3 )  y i e l d s

(h  1 1I “7’ 9~n d = 2~~T . ( 1.4 )

1 — ~~~
— [tan al,

The equ ality was selected tm . c o b t a i n  t h e  o p l i u u uuc gu m i u i — l c c e n d w i d l h

cor r e s p o n d i n g  to selecting cdl zecres of ~~~1( A )  in  t h e ’  L I t —

h a l f  X — p l c u t c c . F a n o  ‘ s r e l a t i o n s h i p  l o t ’  I) l ci c ii i g  t h e ’  / e r c’S  of

the reflection c - i c e - f l  i c i e ’n t  in the ri g h t — h a l f  X — p l c e l c e  f c , I ’  l i c e .’

high—p ass case is g i v e n  by

= T ~~ ~~ (-
~~~

) (Ili )

where T i s  t h e  time constant i n  (1-I) and i an d  z .  c m t c -  t In e diii e-

c ia-u d c - f i n e d  i n  ( 1 2 ) .  N c c I e  t h a t  ( I c c )  c c i ii c i l c - c c c  I n -  c c b t u i j l i e - i l  I i’ c c r t i

(12) h e y  using a I c  ‘ c _ v — p c i  c-c s t c c h I p h _ l c d  c-c s I I’ d I n s I ‘ l ’ n , c i  I - -

It

_________________________ a ‘~~ :~~‘
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Due to the  p e r i o d i c i t y  of R i c h a r d s ’ t r a n s f o r m a t i o n  g i v e - m i
in ( 3) ,  the ac tua l  f r e quency res ponse of the  c cc n cn ,e ’li—c e c r a t e - -

line matching networks designed to appr oxim uit e- the id e -al

gain of (1) will repeat around = rr/2 (assuming the ’

normalization T = 1) as shown in  F i g u r e  5 . The r e l a t i o nship
between wh and w i l l  de t e rmine  the  c o m m e n s u r a te  l i n e  l e n g t h
9 .;  i .e .,

9, = X / M  at c_cc 11 , (16)

where
4WR 2rr 14 . < M = — = — = — f o r  T = 1 . ( 1 7 )

Wh Fh

The g a i n — b a n d w i d t h  i n t e g r a l  r e s t r i c t i o n s  of ( 11) and  (1-I )
have been i n t e g r a t e d  n u m e r i c a l l y  fo r  l i n e  l e n g t h s  of - -

and A/6 at w ,,
~ 

and the resul t s are p lo t t ed  in F igur es 6 and 7 .
Figure 6 shows the low—pass constraint of (11) for a p u c in

slope S of 3 dB/octave and 6 dB/octave and a gain K of  0,

—0 ,5 dB , and —1 .0 dB . F igure  6( a )  is f o r  2. = A / 8  a t  c
li 

and
Figure 6(b) is for 2. = X / 6  at  Wh. Figure 8 is a similu er

set of curves for the h i g h — p a s s  c o n s t r a i n t  of ( 1 4 ) .  In  b o t h

F igures 7 and 8, the percen t bandwidth is defined as

cc-c_ h -Percen t Bandw id th  = 200 ( 
+ 

) . (18 )
c_il

l1 ~~~

Effect of Commensurate Line Length on Gain—Bandwidth

Limitations

In designing the broadband distributed matching ne ’tc_ von ’ks ,

the v’ommen suruc_te line length is an additional dec -sign para—

mete-i- w h i c h  can be used to trade gumi n bandwidth a-s c _ vt- ti as

p r a c t i e - a l  r e - c u  ization c o n s i de n ’ a t t c e n s . (‘ u m r c ’  should h e ’  I u m k c m i

i t )  C ( c t i c f c c i r ’ i ilg t he  g a i n — b a n d w i d t h  l i m i t  a t h e n s  f -n’  d i l l  c - l ’ c ’ i l t

vu i l i ic ’s  of t h e ’  c e e m m e n s u r u c _ t e  l i n e  l en g t h  9. s i n e - c-  I c_ c_ c u l c u c c d , - ~ c c _ i l l

fl e e t  h a v e ’  t he  s’ a r u i e c  r c c a e ’ t u m n e - e - s  c - e v e r  a b a n d  c c l ’ f’ r e qu e ’n c i c ’ s  I I t h c

h t u i ve ’ the s c _ e r i c _ c ’  t i l l I c t  co f l ,st  d i n t  t b u t  di I e ’ , - r c - n t comme inu— ui’ c el e ’  I l i c e ’

I I I ;

- ~~~~~-- -  
- - ---~~~ ~~~- - -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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